The essential 4.5S RNA of Esckerichia coli contains a structural motif, which is also present in RNAs from other organisms, i.e. Bacillus subtilis scRNA, Halobacterium halobium 7S RNA and eukaryotic 7SL RNAs. This suggests a common function in all organisms, which could be related to protein translocation, since 7SL RNA is essential for this process in eukaryotes. We have analysed the structure and expression of the 4.5S RNA gene from another gram-negative eubacterium, Pseudomonas aeruginosa. The single copy gene encodes a 113 nucleotides long RNA, which shares 75% sequence homology to the E. coli 4.5S RNA and also exhibits the completely conserved hairpin structure of the corresponding RNAs of B. subtilis and E. coli. Transcription initiates 24 nucleotides upstream from the mature 5'end and exceeds beyond the 4.5S RNA coding region. A distal open reading frame, similar to that described for E. coli, does not exist downstream from the P. aeruginosa 4.5S RNA gene.
INTRODUCTION
In the last years it became evident, that in eubacteria more stable ribonucleic acids do exist than the well known classes rRNAs, tRNAs and mRNAs (for review see 1). Most of the additional RNA species known so far are expressed in low concentrations, that is by orders of magnitudes less than rRNAs or tRNAs. In E. coli, one of the more abundant molecules is the 4.5S RNA (114 nucleotides) (2) . Growing attention has been paid to this RNA, since it has been shown to be essential for viability (3) . Both biochemical and genetic evidence suggest its function to be linked to protein biosynthesis: Extracts of cells depleted of 4.5S RNA are incapable of translating natural mRNA in vitro (4) , and mutations suppressing a lowered 4.5S RNA concentration in vivo have been mapped within the gene for elongation factor EF-G (5) .
Recently, the apical hairpin motif of the 4.5S RNA has turned out to be ubiquitous and, consequently, has been proposed to have a conserved function (6) : This structural element is part of much larger molecules in the gram-positive eubacterium B. subtilis (scRNA; 271 nucleotides), the archaebacterium H. halobium (7S RNA; 304 nucleotides) and eukaryotes (7SL RNA; 250-300 nucleotides). Since eukaryotic 7SL RNA is a constituent of signal recognition particle (SRP), which mediates protein translocation across and into the endoplasmic reticuium membrane (7), the function of 4.5S RNA could be related to an equivalent process in prokaryotes.
To learn more about conserved features of the structure of 4.5S RNA, its expression and the organization of its gene, we have studied another gram-negative eubacterium, P. aeruginosa, with respect to this RNA. We present the sequence of the 4.5S RNA gene region and an SI-mapping analysis of its transcriptional products.
MATERIALS AND METHODS
P. aeruginosa (ATCC 10145) was grown in LB-medium at 30°C, and genomic DNA was prepared as described (8) . Plasmids were isolated by the CsCl-ethidiumbromide procedure (9) . Transformations were performed by the CaCl 2 -method using E. coli X90 (10) as host for plasmids and E. coli BMH 71-18 (11) for M13-derivatives. Transformants harboring plasmids with the 4.5S RNA gene were identified by colony hybridization (12) with a 32 P-labelled DNA-oligomer-probe complementary to positions 44-65 off. coli 4.5S RNA. The same probe was used for Southern blot hybridizations with genomic and plasmid DNA. DNA-sequences were determined by the dideoxy-chain-termination method (13) using M13-derivatives carrying appropriate subfragments of the 4.5S RNA gene region. For the SI-mapping analysis, total RNA from P. aeruginosa was prepared by extracting a middle log-phase culture directly with 65°C hot phenol. Sl-mapping was performed as described (14) . 32 P-labelled DNA-probes employed in these analyses were synthesized by primer extension either by using an oligonucleotide primer, pre-labelled at the 5'end, or by incorporation of labeled nucleotides. Following the synthesis, appropriate restriction fragments were produced and purified by polyacrylamide gel electrophoresis. Enzymes were purchased from Boehringer Mannheim and used according to the instructions of the manufacturer.
RESULTS

Cloning and sequencing of the 4.5S RNA gene
The E. coli 4.5S RNA shares a 22 nucleotide long sequence, located in the apical hairpin, with the scRNA of B. subtilis (15) . A deoxyoligonucleotide probe complementary to this sequence was used to identify the related gene in genomic DNA from P. aeruginosa by Southern hybridization. For several digests, one hybridizing DNA fragment was detected, indicating the existence of a single copy gene in the P. aeruginosa genome (data not shown). A 3.2 kbp Eco RI fragment, carrying the entire gene, was cloned into pSP65 (16) . Physical mapping revealed the gene to be flanked by 2.3 kb upstream and 0.8 kb downstream (data not shown). The sequence of the gene and about 0.1 kb of the 5'flanking region, as well as 0.75 kb of the downstream region was determined (Fig. 1) .
The sequence complementary to the oligonucleotide used for the cloning of the gene was found at positions 68 to 89 in the DNA sequence.
By comparison with the E. coli consensus sequence (17) No putative signal for rho-independent termination of transcription (18) could be detected downstream from the promoter boxes.
Nuclease Sl-mapping
To define the ends of the coding region and to elucidate transcription of the gene and RNA processing, in vivo transcripts of the gene were characterized by nuclease Sl-mapping. A scheme of the DNA-probes employed is outlined in Fig. 2 .
The 5'end mapping using probe 1 revealed three signals (Fig.3) . The major one (65 nucleotides) corresponds to the mature RNA and maps to G25 in the DNA-sequence. The double band observed might be due to the Sl-'nibbling'-effect, a true length heterogenity of the RNA, however, cannot be excluded. More faint signals indicate the existence of transcripts extending the mature RNA by 1 to 6 nucleotides at the 5'end (71-65 nucleotides). We do not think these signals to be caused by an overloading effect, since the largest of them is the relatively most abundant species. The 5'end of the longest RNA (signal at 89 nucleotides) is defined as position +1 of the transcription unit. It maps seven nucleotides downstream from the -10 box TAGAAT (pos. -12 to -7).
Mapping of the 3'ends using probe 2 ( Fig.3) resulted in two signals (76 and 109 nucleotides), the major one mapping to C137, the minor one to C171. Again, the major signal is interpreted as caused by the mature RNA, while the minor 109 nucleotides long signal reflects an intermediate, which extends the mature molecule by 34 nucleotides.
The results obtained with probes 1 and 2 could be confirmed by a mapping with a probe covering the entire gene region (Fig.3, probe 3 ). Besides the intense signal, 113 nucleotides 
DISCUSSION
The secondary structure of the mature 4.5S RNA from P. aeruginosa (Fig.4) reveals strong homology to the hypothetical structure of the E. coli 4.5S RNA (2) . Even here about 75% of the nucleotides are base paired, whereby these regions show some compensating base exchanges. Total sequence conservation with regard to the B. subtilis scRNA and the E. coli 4.5S RNA includes the whole apical structure and an imperfectly paired region from nucleotides 21-25 and 82-88, respectively (marked with thick lines). Since it was shown that the prokaryotic tip structure from about nucleotide 39 to 70 exhibits a significant structural homology to the halobacterial 7S RNA and all so far known eukaryotic 7SL RNAs, a common function of all molecules seems likely.
The sequence analysis of the 4.5S RNA gene region indicated two overlapping putative promoters, but no rho-independent terminator. Nuclease SI mapping enabled us to identify the corresponding precursor of the proximal promoter (underlined in Fig. 1 ), while no transcript originating from the second promoter was identified. The E. coli 4.5S RNA is known to be expressed under stringent control (19) . A structural feature of those promoters in E. coli is a G-C rich discriminator region (20) , immediately following the -10 box, which is also existent between the -10 region and the transcription start of the P. aeruginosa 4.5S RNA gene. Nevertheless, it still has to be shown, whether the 4.5S RNA gene expression in P. aeruginosa underlies the stringent regulation.
The SI mapping, using different probes, revealed a transcript extending the mature molecule by 34 nucleotides at the 3'end. Although the surrounding region exhibits no similarity to known transcription termination structures (18) , it cannot be excluded, that this site is a transcription stop. The absence of an obvious terminator is similar to the situation in E. coli (2) , while in B. subtilis the corresponding scRNA gene is followed by a strong rho-independent terminator, whose functionality was shown in vivo (Struck et al., unpublished results). For E. coli it was considered that either the gene product, with its remarkable secondary structure, by itself might act as a terminator, or a rhodependent terminator, for which a consensus structure could not be defined yet (18) , leads to the termination event. In contrast to the downstream region in E. coli, no similar subsequent ORF could be detected in P. aeruginosa. The nuclease SI transcript mapping evidently identifies a 5'precursor of the P. aeruginosa 4.5S RNA 24 nucleotides longer than the mature molecule. In E. coli it was shown that RNase P is the 5' processing enzyme (21) . Comparison of the secondary structure models of both 5'precursors (Fig.5) suggests to all appearance RNase P as the processing enzyme also for the P. aeruginosa 4.5S RNA. While in E. coli only a single cut generating the mature molecule was reported, in P. aeruginosa a series of precursors, extending the fend as far as to 6 nucleotides, was detected (Fig.3, lane 1A and B) . In both molecules the coding sequence starts with two Gs, and is preceded by a CAAU. Since the precise structural requirements for cleavage by RNase P are not defined, the factual participation of this processing enzyme in P. aeruginosa is still to be proved.
